 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
SLR :
Step Length Ratio. recent review]. These include the position of the animal in the room (the so-called "place 8 cells"), its spatial orientation ("head direction cells") and, the metrics or the boundaries of the 9 surrounding space ("grid" and "border" cells, respectively). Clinical and experimental data in 10 humans do however suggest the role of a more distributed network during active navigation, 11 as evidenced by the absence of behavioural deficits of hippocampal patients in path 12 integration tasks [2, 3] or by the role played by basal ganglia in the steering of blindfolded 13 walking in circles [4] . In the case of path integration tasks, participants are required to keep 14 track of a reference location using self-motion cues (for example by asking them to return to 15 their starting position after having been passively/actively displaced along a path without 16 vision). Importantly, the instructions provided to participants can affect the way navigational 17 abilities are measured [5] and the navigation performance. For instance, the instruction to
18
"maintain the path in mind" used in some path integration paradigms [3] during the learning This problem can be overcome by asking participants to generate "spontaneous" walking 29 behaviors. In previous years, we tested a simple goal-oriented task of walking towards distant 30 targets (either doorways or arrows placed on the ground). Importantly, no specific constraint 31 was imposed on healthy participants in terms of the path they were to follow. Participants had 32 to perform these tasks using their vision or blindfolded [6, 7] . Strikingly, we observed that the 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 5 generated locomotor paths were similar across visual conditions (with vision or blindfolded) 1 and that neither walking speed nor walking direction (forward or backward) significantly 2 affected the shape of these paths [8] . The recorded body trajectories could be predicted by a 3 combination of feed-forward and feed-back mechanisms, dedicated to accounting for the 4 "global" (path-planning) and "on-line" contributions (visual guidance) to locomotor paths 5 formation [7, 9] . This suggests a dissociation between spatial cognition and sensorimotor 6 control mechanisms at work during spatial navigation. Stereotyped locomotor trajectories 7 were reported in adolescents and adults but not in children under 11 years [10] , showing that 8 path planning develops in late childhood (well after gait maturation), which suggests a distinct 9 development of path planning vs gait motor stability abilities.
10
Understanding the potential interferences between cognitive and motor processes is of 11 particular importance following stroke [11] . Here, we propose a proof of concept analysis 12 dedicated to measuring the navigational performance of patients with motor and cognitive 13 deficits following brain damage. Given the dissociation between motor and navigational 14 components suggested by our previous findings, we were expecting that the shape of body 15 trajectories in space, which mostly reflect spatial cognition processing (path planning), would 16 remain unaffected by such motor deficits. In contrast, the motor implementation of these 17 trajectories (e.g. the stepping behavior) would be affected by such deficits which, in our 18 model, would result in greater variability around the mean trajectory. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 
19
All selected patients exhibited paresis in the first week following brain damage. Five 20 exhibited hemiparesis at the time of the experimental recordings which took place more than 21 two months after the onset of stroke. They could walk at least 1,000 meters without the need 22 to stop for rest. All participants had normal or corrected-to-normal vision. All patients 23 exhibited residual cognitive deficits at the time of evaluation: four had aphasia, one had 24 spatial neglect, two had memory impairment and six had dysexecutive syndrome.
25
Longstanding attentional deficit was present in three patients. Nevertheless, all of them 26 understood the information and orders given during the enrolment and test processes. Importantly, all patients could walk autonomously (one hemiparetic patient walked with a 32 cane) as measured by a Functional Ambulation Categories (FAC) walking test [12] , for which succeeded in this test). The patients were included in the study only when they expressed the 4 feeling of safety (subjective) and when no near-fall event occurred (objective). All patients 5 but one stayed at least one week at HFR, and returned home at least four weeks before the 6 experimental recordings. P07 was tested few days before he returned home having spent two 7 months at HFR. Importantly, all patients were followed by the same neurorehabilitation team. 
Protocol

10
The experiments took place in a laboratory, the dimensions of which were 8.7 x 6 x 3.3 meters
11
(length, width and height respectively). The protocol was similar to the one used in our participant's shoulder with his hand (for both "visual" and "blindfolded" conditions). markers missing for at least one second), 22 trials (out of 2,280) were excluded from the 5 analysis; this involved six trials from healthy participants and 16 trials from patients. frequency using an optoelectronic Optitrack motion capture system (Natural Point Inc.,
10
Oregon USA) wired to 15 cameras. Six markers were attached to motion capture suits or foot 11 wraps (respectively) through velcro-friendly surfaces (Optitrack). Two were placed on the left 12 and right shoulders at the level of the left and right acromions. They were used to study whole 13 body trajectories in space [6, 7] . Two markers were placed at the level of the heel and third toe 14 of each foot. Participants wore a headset which prevented hearing sounds from outside. Most of the following methods were presented in previous studies [6, 7] . We will describe and patients (hemiparetic PH and non-hemiparetic PN). The reader is referred to [6, 7] and to 22 the supplementary material for further details.
23
General parameters and stepping behavior 24
The length of the whole-body trajectories in space, the movement execution duration and the 25 steps' parameters were computed. We used heel strike and toe off events to define steps 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 9 total number of steps (SN) and the Step Length/Stance Duration (non-paretic / paretic) Ratios 1 (SLR and SDR, respectively) were computed to document the stepping behaviour and the 2 potential gait asymmetries (expected in PH patients in particular).
3
Categorization and computation of the trajectories 4 Here, the tested trajectories were classified according to the amount of body rotation they 5 required. Four categories were distinguished: quasi-straight trajectories ST, low LC, moderate 6 MC and highly HC curved trajectories. The beginning (t=0) of each trajectory was set to the 7 time instant when the participant crossed the X-axis at y=0.5 (the average length of the first 8 "straight-ahead" step). In order to have the same criterion for the VI and BF conditions, the 9 end of each trajectory (t=1) was set to the time instant when the participant's speed became 10 less than 0.06 m.s -1 (this value was less than 5% of the average nominal walking speed). We 
Spatial and temporal attributes of the locomotor trajectories
16
The reader is referred to the supplementary material for details of the calculation of the 3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 10 frequency oscillations induced by stepping activity were removed to focus specifically on the 1 global variation of the walking speed induced by curvature variations along the path [13, 14] . All statistical comparisons were done using the Statistica 8.0 software package (Statsoft ®). comparisons revealed no effect of the group (p>.05). Temporal attributes of the whole-body trajectories 4 The walking velocity variations during trajectory generation are depicted for the same 5 participants and targets as those presented in Figure 2 (Figure 3) . The first and main 6 observation is the different velocity profiles of PH patients compared to PN and healthy 7 participants. Indeed, not only do PH patients walk more slowly than the other groups, but they 8 also maintain a constant velocity during their displacement in the room, for both "straight" 
25
That is why we measured how much walking velocity varied during path completion by 26 computing the amplitude of walking speed variations (AMPVEL, figure 4D ). (hemiparetic PH) patients. This contrasted with much more variability at the temporal level.
11
In particular, healthy participants and non-hemiparetic patients varied their walking speed 12 according to curvature changes along the path. On the contrary, the walking speed profiles
13
were not stereotypical and were not systematically constrained by path geometry in 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 16 stroke. Notably, this patient with multiple acute ischemic brain lesions in the parietal and of abilities in the sense that all participants had both to plan and execute a whole-body 7 displacement in a new environment. We did not observe differences between patients and 8 healthy participants at the spatial (cognitive) level despite important differences at the 9 execution (motor) level. In other words, we could not find any "path-planning" impairment 10 even in patients having experienced strokes only two months before inclusion in the study. In joint angles. This distinction seems also to hold true for hemiparetic whole-body movements.
15
However, we cannot exclude the possibility that patients with specific (e.g,. hippocampal)
16
lesions or patients at earlier time points after strokes would also exhibit path planning deficits.
17
This should be tested in future studies. Besides, it could be argued that the constant walking 18 speeds observed in three hemiparetic patients reveal planning deficits at the temporal level.
19
While we cannot exclude this possibility, our results show a clear dissociation between spatial 20 and temporal components of whole-body motion planning. This is further discussed below.
22
Sensorimotor implementation of locomotor trajectories
23
Another functional implication of the present study is related to the nature of the mechanisms 24 underlying locomotor trajectory formation and control. We previously reported that in healthy 25 participants the spatial stereotypy of locomotor trajectories does not rely on the availability of 26 visual inputs [7, 9] . Our present study extends these observations to patients and to healthy 27 elderly people. Nevertheless, in previous studies we observed that vision is involved in 28 minimizing the variations around the average (stereotyped) trajectories. We could predict 29 both average trajectories and variability profiles around these trajectories using a model 30 combining two modules accounting for the "global" (path-planning) and "on-line " 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 17 contributions (visual guidance) to locomotor paths formation. Importantly, both modules rely 1 on optimality principles already described for hand movements planning and control [20] .
2
Other approaches do not assume such computational modules and propose a direct use of and motor cortices in the planning and execution of locomotion, respectively. In the cited 32   1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64 The potential dissociation between cognitive and motor aspects of gait recovery post-stroke 24 must be further studied at different time points after stroke and for complex locomotor tasks.
25
The findings of this pilot study are reminiscent of those reported by Belmonti Tables 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Table 1 for details). Average trajectories performed for visual and blindfolded trials are represented by thick lines (red and black colors, respectively). The variability around the average trajectory is represented by the shadow region. High-frequency oscillations around the trajectory were observed in PH patients only and are associated with the specific stepping pattern of PH patients (see Supplementary Material for details of gait pattern changes in all groups). Note the great similarity of the locomotor trajectories for all groups and visual conditions. Note also that the variability around these average trajectories (shadow region) is higher without vision for all groups and visual conditions. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63 Note that velocity varies significantly less in blindfolded trials and for PH patients across categories and visual conditions.
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